This article deals with the issue of residual stress analysis in surface and subsurface layers in parts from progressive or hard-to-machine materials made by precise technologies. Measurements was executed by iXRD diffractometry device designed for residual stress and phase structures detection.
INTRODUCTION
The current period in the engineering industry is characterized by a marked increase of the quality of materials, also it places great emphasis on the workpiece quality and accuracy. If we want to fulfill these requirements, we must try as much as possible to eliminate the undesirable effects in the production. This category also includes the stress states. With modern instruments and techniques it is possible to determine whether and what stresses are present in the material. If during the function performance in the process it occurred to defection of the part, it was in many cases due to the presence of residual stresses that can significantly shorten the life of components. The technical materials due to their production technology and further processing contain almost always a residual stress state. The stress states can be reduced by annealing, vibrations, but these are costly operations. The design engineers and technologists have to design the components so that stresses will be as acceptable as possible. There are many mechanical, physical and other methods to measure the stresses. The one of them is the diffractometry, which we applied in the experiments. Its advantage is the quick measuring system by X-ray beam radiation and the possibility of measuring a wide range of materials. Another advantage is that it is one of the non-destructive measurement methods and the component can continue in the production process.
RESIDUAL STRESSES AND THEIR MEASURING USING X-RAY DIFFRACTOMETER
Residual stresses are one of the effects caused by machining technologies. After the production process they remain in the components and constructions and affect continuously without external load. Their presence significantly affects the functionality of machined surfaces. The condition of residual stress formation is that embedded or otherwise caused stresses exceed the yield strength of the material. [1, 2] The residual stress can be tensile (+) or compressive (-). The sense of residual stress (tension or pressure) depends on how the deformation was. It can be caused by factors such as uneven plastic deformation caused by the tool force effect, uneven temperature influence (heating or cooling), uneven phase transformation or elimination of new structural components, and previous operation in the technological process. [3] According to the volume in which the residual stresses does not alter in size or direction are: I. kind residual stresses are approximately homogenous in a large area (in many crystals) of material ( Fig. 1) . When affecting the force and torque balance of the solid, where are residual stresses of the I. kind, it always occurs change of its macroscopic dimensions. Causes of their formation may be the result of machining, molding, forming, joining, etc. [4] II. kind residual stresses are approximately homogenous in areas comparable to the size of individual crystals (Fig.  1) . The force and torque balance is expected only in volumes consisting of larger number of crystals. Disturbance of the balance does not lead to changes in the shape of the solid. They may arise during thermal processes in materials having phases with different values of the coefficient of linear thermal expansion, etc. [4] III. kind residual stresses are non-homogeneous even in areas comparable to the interatomic distance (Fig. 1) . The force and torque balance can be achieved also in a sufficiently high part of a single crystal. There will not happen any body shape changes by interference to the solid balance. They are the result of structural defectspoint, line, planar, etc. [4] Figure 1 . The residual stress classification [5] The fundamentals of using X-ray diffractometry for residual stress measuring is the fact, how they affect the structure of polycrystalline materials and crystallographic planes distance. If the stress is zero, the crystallographic planes distance depends only on the material properties. Under the influence of the residual stress, these distances may be changed, as shown in Fig. 2 Figure 2 . A schematic drawing of the dependence of the crystallographic planes distance from the residual stresses. [6] If the X-ray beam hits the atom, the electric field of the beam influence each electron of the atom and accelerate it. The electron then performs an oscillating movement. Each electric charge oscillating in this way becomes a new source of an electromagnetic waves stream. The waves emitted by the oscillating electrons have the same frequency and wavelength as the incident X-ray beam, which caused oscillation. Each electron takes a little part of the incident beam energy and sends it in all directions, "dissipates" it. The diffraction forms by the superposition of waves scattered by individual atoms. The waves emitted from atoms consists each other such that in certain directions from the crystal they reinforce each other, and in other directions they cancel each other. Then the intensity in each direction depends on whether the wave crests are, or are not superimposed from single atoms, i.e. if single scattered radiation waves are, or are not in phase. [5] 3 EXPERIMENT CONDITIONS As the material for the production of experimental samples was used C56E2 steel, which has the most significant application in the production of rings for roller bearings of smaller size. This steel belongs to the constructional non-alloy steels. Its application was used by machine parts that have to resist the wear. It has a difficult weldability. The chemical composition of the material is shown in Table 1 . Table 1 The finishing turning operation was performed on CNC machine Mazak Nexus 100-II. There was used a holder SDJCR 2020 K11-M-A 329102 with cutting tool DCMT 11T302E-FF, T8315 (Fig. 3) . Dry cutting environment was chosen for experiment. The cutting parameter used in the finishing operation are given in Table 2 . The measurement of residual stress after turning was performed by the measuring device iXRD PROTO, which allows measuring of the material residual stresses to a depth of 12 µm. The main part of the device is a stand with vertical positioning arm "COBRA line", with X-ray lamp with Cr Kα anode attached at the end. The part of the device is also the PC with control software XRDWIN, and an automated positionable table for the possibility of 2D and 3D mapping. The Proto iXRD device is stored in a protective enclosure, comprising an opening doors system made from Acrylic Glass material, whose purpose is the elimination of external influences on the functionability of the device as well as protecting the operator from X-rays. This device has found wide use since it can be easily transformed to a portable measuring device.
After measuring the residual stress in the surface layers in the point-field diameter of 1 mm was performed etching of the surface layers of the material using apparatus Electrolytic Polisher PROTO. The depth of etched layer was determined to 20 µm. We determined the polishing time by the depth of etched layer for 8 seconds. After each polishing we inspected the depth of polished layer by digital indicator Mitutoyo ABSOLUTE in order to find out at what depth below the surface are the residual stresses measured. After etching was on the polished surface again measured residual stress, and the measurement procedure was the same as for the initial measurements. We repeated the process 10 times and we reached depth of 200 µm under the machined surface.
The experimental methodology of tracking the area stress state in surface and subsurface layers was performed at 10x10 mm area of the sample with scanning for 2 mm in X (vf) and Y direction (vc). It was applied collimator with 1 mm circular section. The plots of normal and shear stresses in different directions of cutting wedge action were constructed on the basis of the measured results. Other experiments were focused on the stress states observation in the feed direction, i.e. in the X direction at position of 4 mm, in the Y direction of the cutting speed, and subsequently the surface layers was removed by electrochemical action, wherein the aforesaid operation was the 20 µm layer removing toward the axis of the workpiece, i.e. in the Z direction. The results of various experimental methodologies were processed in graphic display of two-and threedimensional environment.
EXPERIMENTAL RESULTS

Figure 4. A graph of residual stress depending on the varying depth of the measured layer
During the local monitoring of residual stress (Fig. 4 ) was in the surface layer localized normal compressive stress with rather high value of 179,45 MPa. In measurements of other layer the compressive stress value was decreasing and reached the value of border crossing to tensile stresses at a depth of about 107 µm. At a depth of 120 µm we have measured normal tensile stress with value of 104,72 MPa. Also shear stresses reached tensile character in the surface layer, which had a value of 26 MPa. At a depth of 20 μm was the value of 92 MPa with tensile character. At a depth of 140 μm were the shear stresses of 10 MPa with compressive character. Tensile stress was located at a depth of 160 μm to 200 μm below the surface of examined material. By observing the normal stress states (Fig. 5) on the area of 10x10 mm were perceived the effects of feed and cutting speed on machined surface, where were found the areas affected by the different sizes of normal compressive stresses range of 200 MPa with a gradual transition to a tensile stresses of about 100 MPa in the direction of the feed speed. In the direction of cutting speed was not observed this phenomenon. The given methodology of experimental solutions proves, that it is important to observe the stress states in local rasterization, where it is possible to watch the extreme of statistical view feature, which is markedly seen in Fig. 6 . From the visual display can be seen also layering and thus steepness of monitored area function with layering of 25 MPa. Overall, it can be stated that under the given conditions there is a radical change in the orientation of normal stresses from compressive to tensile character of the stress on the surface. Based on more detailed analysis was also seen the creation and effect of the normal stresses (Fig. 7) in the subsurface layers in the direction to the axis of the workpiece in the rasterization for 20 μm to the depth of 200 μm, where after the evaluation of the experiments is possible to observe the impact of the cutting parameters to the creation and effect of normal stresses, where the compressive stresses were increasing to the depth of 40 to 120 μm up to about 100 MPa, and then decreased to zero value and to tensile character of about 40 MPa. The feed rate had a significant influence on the effect to the depth below the surface after the finishing operation, which is seen in particular in the area of about 6-8 mm in the direction of feed rate below the surface of 60 to 80 μm, where was determined the tensile stress of about 150 MPa. The three-dimensional stress states observation allows the opportunity to monitor the extreme of statistical view function, which is markedly seen in Fig. 8 . From the visual display can be also seen the layering and thus the steepness of monitored area function with layering of 25 MPa. Overall, it can be stated, that under given conditions is the compressive stress creating below the surface in the area of 40 to 120 μm and then gradually decreases to zero value with the transition to the tensile stresses in the direction to the base material. 
3D visualization of the normal stress course to a depth below the surface in direction to the axis of the workpiece and in the direction of feed speed and in a position 4 mm of cutting speed
By observing the shear stress states on the area of 10x10 mm (Fig. 9) were perceived impacts of feed and cutting speed on machined surface, where have been identified the areas with occurrence of various sizes of tensile shear stresses in the range of 12 to 50 MPa. The given methodology of experimental solutions proves, that it is important to observe the stress states in local rasterization, where it is possible to monitor the extreme of statistical view function, which is markedly seen in Fig.  10 . From the visual display can be seen also layering and thus steepness of monitored area function at only 5 MPa layering. Overall, it can be stated, that under given conditions the tensile stress on the surface is created. At the graphic display can be seen also the impact of feed speed in the X direction, where was observed decrease. On the basis of more detailed analysis was also seen the formation and action of shear stresses (Fig. 11) in the subsurface layers in the direction to the axis of the workpiece in 20 μm rasterization to the depth of 200 μm, where after evaluation of the experiments is possible to observe the impact of cutting parameters for the formation and action of shear stresses, where the tensile stresses formed up to the value of about 60 MPa to the depth of 40 to 80 μm, and they subsequently decreased to the value of about 5 MPa. Influence in the direction of the feed speed has decreasing character for the action of the stresses to the depth below the surface after finishing operation. The three-dimensional observation of stress state allows the possibility to watch the extreme of statistical view function, which is markedly seen in Fig.  12 . From the visual display can be seen also layering and thus steepness of monitored area function with layering only 5 MPa. Overall, it can be stated that under the given conditions the tensile stress occurs in the area of 40 to 80 μm below the surface and then gradually decrease in the direction to the base material. 
CONCLUSION
The local monitoring of machined surface of the sample proved the monitoring of stress states in very thin layers, which have pushed the boundaries of analyzing layers right from the surface, that were previously unidentifiable in terms of determining the real value of the stress. Due to the requirement of investigating the stress states and their course or nature, it was necessary to implement a device for electrochemical polishing with controlled layers etching, which can obtain the confirming or refuting information and knowledge of stress course across the cross-section of the sample from the surface to the depth in local observation by a collimator with the transmitted beam diameter of 1 mm.
One of the most interesting challenges was the area monitoring of 10x10 mm to ensure monitoring of the cutting wedge impact on the development of a stress states in the X direction of feed speed vf and Y direction of cutting speed vc, Thus we gain knowledge to build theoretical definitions of residual stress forming in the direction of cutting wedge influence, which could not be addressed previously. By implementation of electrochemical polishing we could etch away layers of size 10x10 mm with a thickness of 20 μm, so we could get to a very interesting findings in the spread of the stress states to a depth below the surface of the sample. With the given methodology of the experiment we will obtain a comprehensive view in the three-dimensional display of residual stresses.
The results were obtained in particular by nondestructive method, which can provide failure-free construction element, which was made from a material with a high input price or was made by technology requiring high costs. We highlight the importance of nondestructive detection technology for monitoring residual stresses in surface and subsurface layers in order to monitor functional properties of construction elements and components fabricated by any technology, that recently have a high tendency of applying mainly due to the high speeds, feed rates, temperatures and deformations, etc.
